ABSTRACT
. It can be expected that in upcoming years the incidence will be even higher particularly due to recent published studies, presenting lower frequency of caesarean sections and similar perinatal morbidity and mortality with induced labor at term (3, 4) . The most common indication for IOL is post-date pregnancy, performed in order to avoid the risks associated with post-maturity (5, 6) . A pregnancy is considered post-date when it extends beyond 294 days (42+0/7 weeks), while pregnancies beyond 41+0/7 weeks through 41+6/7 weeks of gestation are referred to as late-term pregnancies (7) . There is a strong body of evidence suggesting that IOL prior to 42 weeks of gestation is associated with a reduction in perinatal complications (8, 9) . Synthetic prostaglandins have been used for initiation of labor induction for decades with proven efficacy and safety (10) (11) (12) (13) (14) . However, up until now, there is no clear answer how the timing of initiation of labor influences the time of birth and out of hours work as well as perinatal outcome (15, 16) .
The aim of this study was to assess and compare time of birth and perinatal outcomes between two protocols of IOL differing only in the timing of initiation with intracervical application of dinoprostone (PGE2) gel.
Introduction
Induction of labor (IOL) is defined as an artificial initiation of labor before its spontaneous onset (1). The incidence of IOL is rising in recent years; estimates report that up to one in four deliveries in developed countries involve labor induction
Material and Method
This is a retrospective cohort study performed by analyzing data from hospital records at University Hospital Merkur, Zagreb, Croatia between June 2006 and June 2017. All study participants had labor induced per Hospital labor-ward protocol by dinoprostone, an intracervical prostaglandin E2 analogue gel (Prepidil ® , Pfizer, USA), applied with repeated doses 6, 30, and 36 hours after the initial dose or until Bishop score >8 or in active labor. Two groups were compared. The first one involved women induced between the year 2006 and 2013, when dinoprostone was applied per old Hospital protocol in the morning on the induction day (morning group); while the second one consisted of women induced from 2013 until 2017 when dinoprostone was applied per new Hospital protocol at midnight on the induction day (midnight group).
Inclusion criteria were nulliparous, gestational age 41+3 weeks with intact fetal membranes and without any condition that may influence study outcome (i.e. gestational diabetes, gestational hypertension, hypothyreosis or hyperthyreosis etc.), 40 and less years of age with body mass index (BMI) below 35kg/m 2 . Only women with prolonged pregnancies were chosen in order to minimize as much as possible other confounding factors that may influence study outcomes. The only apparent difference between the two study groups was the timing of the initiation of IOL. Maternal data analyzed included maternal age and BMI.
The primary outcome of the study was the time of birth used to evaluate whether initiation of labor induction at midnight results in more women giving birth during daytime or hospital working hours.
Regarding that outcome, two separate analyses were performed. In the first one, time of birth was divided into working hours (from 7.30 am to 3.30 pm) and out of work hours (3.30 pm to 7.30 am). In second one the time of birth was divided as during daytime (from 7.00 am to 6.59 pm) and night time (from 7.00 pm to 6.59 am), which follows midwifery shifts.
Perinatal outcome data assessed as secondary outcome were: time of birth, mode of delivery, use of epidural analgesia, necessity for augmentation of labor using oxytocin infusion, the presence of merconium stained amniotic fluid, episiotomy rate, perineal tear grade III or IV rate and incidence of postpartum hemorrhage. Neonatal data analyzed were birth weight and 5 minute Apgar score.
All statistical analyses were performed using SPSS ver. 21.0. Normality of distribution was tested using the ShapiroWilks test, while homogeneity of variance was tested using Levene's test. Differences between groups of independent continuous variables were analyzed using student t-test for two independent samples (groups) while differences in the occurrence of individual conditions (categorical variables) were compared using the chi2 test. Statistical significance was defined as p <0.05. For a difference in the proportion of daytime deliveries of 20% (first proportion 50% and second 70%), using a confidence interval of 95%, power of 80%, taking into account a dropout rate of 10% (due to incomplete data), sample size calculations estimated that a minimum of 101 women should be included in each group (17) .
The study was conducted in accordance with the Declaration of Helsinki. Ethical approval for the study was obtained from the University Hospital Merkur Ethical Committee, the number of IRB approval 03/1-6566/1. Perinatal outcomes of all women who had labor induced are presented in table II, while differences between morning and midnight group are presented in table III. 
Discussion
The results of this study indicate that pregnant women with IOL starting at midnight gave birth more often during daytime and less often during night time compared to women with IOL starting in the morning and this difference was statistically significant. The midnight group also gave birth more often during regular hospital working hours, but this result despite 30% difference was not statistically significant (p=0.091). These are important findings. According to a recent study that included over 2 million births, delivery complications are higher during night shifts when hospitals are understaffed (18) . Also, in developed countries, i.e. UK and Germany; delivery during the night or outside the normal working week is associated with an increased risk of neonatal death (19, 20) . Despite the fact that expert medical care is readily available for anyone who needs it 24/7, a lower level of medical cover (i.e. senior staff cover, laboratory and imaging service) is available during the night, weekends and holidays (16, 19) . Also, staff during the night is likely to be less experienced and with increased physical and mental fatigue after usually working through a complete day shift. Giving birth during daytime or regular hospital working hours reduces the risk of intrapartum and postpartum complication, offering a safer and complete service.
Spontaneous onset of labor is proven to have a circadian rhythm, with a shorter duration of labor and fewer obstetric interventions when labor starts in the evening (21) . Until now only few reports were performed regarding clinically significant differences concerning maternal or neonatal outcomes when labor was induced either in the morning or in the evening. The only difference found was in women's preference of administration of prostaglandins in the morning (21, 22) and possible reduction of the out of hours work if IOL was initiated in the evening day before IOL (15) .
Women in midnight group had a lower rate of meconium stained amniotic fluid, the use of oxytocin and episiotomy, but none of these were statistically significant (p >0.05). The only statistically significant difference between the morning and midnight group was in the rate of epidural analgesia. Higher epidural rate in midnight group can be explained with the active phase of labor during regular hospital working hours and daytime when anesthetic team was more available to provide the service. Also, women in the midnight group were assessed in the period from 2013 to 2017, when there was a general increase of epidural analgesia use compared to the period from 2006 and 2013. 
Comparison of two different periods (2006-2013 and

